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INVESTMENT, PRICES, BUDGET AND FINANCE

UNIT COST OF FIXED CAPITAL ANALYZED
Moscow VOPROSY EKONOMIKI in Russian No 8, Aug 80 pp 121-132
[Article by V. Fal'tsman: "The Capacity Equivalent of Fixed Capital]

[Text] In an article entitled '"Ways of Improving the Effectiveness of Capital
Investment' Academician T. Khachaturov points out the reasons for the growth of the
output-capital ratio and the capital-output ratio for output in the sectors of

the national economy: deterioration in the quality of raw materials and the
increasing cost of extraction, shifts in the siting of industry in new regions,
changes in the prices of equipment and machinery, increasing outlays for environ-
mental protection and so forth.l Solving these questions is an important condition
for improving work efficiency and the quality of work——tasks whose urgency was
stressed at the CPSU Central Committee June (1980) plenum.

In our opinion, of special interest in this direction is analysis of the dynamics
involved in the capacity equivalent of fixed capital. The capacity equivalent is
characterized by the equivalence of fixed capital invested at different periods of
time, from the viewpoint of production capacities. It can be measured with the
ald of an index that 1s calculated as the particular derived from dividing the
commissioning of a production capacity, expressed in physical units, into the
fixed capital inverted, and it determines the projected yield from fixed capital
expressed in physical terms for individual production facilities. The magnitude
of the capacity equivalent for the commissioning of capital is inversely propor-
tional to the unit cost of production capacities,

Statistics on the commissioning of capacities and fixed capital make it possible
to establish the capacity equivalent for many production facilities and to
calculate indices for the dynamics of each such index and a mean index weighted
according to the value of invested capital. Since the physical measure for a
production capacity can be structurally inhomogeneous (for example, finished
rolled metal includes a large number of brands, shapes and dimensions), studies
of the dynamics of the capacity equivalent must be conducted for products that
are homogeneous in terms of thelr structure, or a special correction must be
introduced that takes into account the effect of structure and the quality of
output.

Calculations made for 30 checkpoint items for capacities distinguished by a

relatively homogeneous structure and output quality have shown that the unit cost
of commissioned capacities increased during the Ninth Five-Year Plan by an average

1
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of at least 5-6 percent annually while the value of invested capital increased by
about 7 percent, that is, almost all the increase in the investment of fixed
capital went to offset the reduced capacity equivalent. As a result of che
increase in the average value of production capacities during the Ninth Five-Year
Plan, even though the total volume of capital investment throughout the entire
national economy was met, for many sectors, targets for the commissioning of
production capacities were not.

If all additional annual growth of capital is spent on offsetting the reduction in
the capacity equivalent, the commissioning of production capacities remains the
same year after year. Then, however, conditions are created for reducing the

rates of economic growth because there is an increase in the buildup of production
capacities and in the volume of output produced, which serves as the basis for
calculating growth rates.

Suppose that at the start of a period 80 units of production capacities are
available. During the year another seven units of capacities are commissioned.
For simplification we exclude withdrawals of capacities and we also assume that
existing and commissioned capacities are at 100-percent utilization; production
growth rates are then 108.7 percent [100(80 + 7): 80]. If in each subsequent
year the commissioning of production capacities remains unchanged at the same
level (seven units), then after three years growth rates will be 107.4 percent
[100 (80 + 21):(80 + 14)], that is, they will fall.

It can be seen from Table 1 that the drop in the capacity equivalent also continued
in the Tenth Five-Year Plan. For 12 of the 15 items on the list its magnitude
decreased in the period 1976-1977 relative to the level of the Ninth Five-Year
Plan, and the mean weighted index for change in the capacity equivalent was 0.9,
that 1s, each year the capacity equivalent for the investment of fixed capital

fell about 5 percent. At the same time the annual investment of capital also
increased 5 percent.

It can be assumed that through the increase in the share of imported equipment

and the rapid rises in the prices for it, during the Tenth Five-Year Plan the

fall in the capacity equivalent for invested capital will take place more rapidly
- than during the Tenth Five-Year Plan. Moreover, in the current five-year plan,
planned rates for annual growth of capital investments has been reduced to 5
percent against the 6-7 percent of the preceding five-year plan. Under these
conditions, average annual rates for the fall in the capacity equivalent will
reach 6-7 percent and will exceed growth rates for capital investments and fixed
capital.

As a result of the price costs for production capacities outstripping the growth
rate for the investment of fixed capital, an absolute drop is taking place in

the commissioning of production capacities. In order to show the effect of the
relationship between fixed capital investment and price increases for capacities
on the rate of economic growth, let us assume, as in the earlier example, that

at the start of a period, capacities are available for the production of 80

units of output, Let us say that in the third year the rates at which capacity
costs are increasing exceed growth rates for the investment of fixed capital
while in previous years they coincided. As a result of this there is an absolute

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300060012-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300060012-9

FOR OFFICIAL USE ONLY

Table 1. Dynamics of Capacity Equivalent for Investment of Fixed Capital

Capacity equivalent
Production capacities Unit of measurement Index
used for capacity
equivalent
1971-1975 1976-1977
: Power stations Thousands of kW 6.18 5.35 0.87
millions of rubles
Electricity networks, :
35 kW and higher kilometers 39.73 44,18 1.11
] millions of rubles
- Coal extraction millions of tons
= nillions of rubles 0.025 0.016 0.64
Iron ore extraction thousands of tons
millions of rubles 48,91 68.4 1.4
Steel pipes Do. 2.98 2,53 0.85
Mineral fertilizers thousands of stand.
units
millions of rubles 5.94 5.82 0.98
Soda ash thousands of tons
millions of rubles 3.89 1.96 0.50
- Chemical fibers Do. 0.31 0.21 0.68
Synthetic resins
and plastics Do. 1.58 1.34 0.85
Pulp and paper
industry Do. 1.36 0.66 0.48
Cement Do. 19.07 12.03 0.64
Tractors upits
uillions of rubles 49.0 73.0 1.49
Metal-cutting lathes Do. 38.0 19.0 0.50
Meat tons per shift
millions of rubles 3.02 2.43 0.80
Whole-milk products Do. 12.08 9.75 0.81
Total - - - 0.90
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drop in capacities commissioned, and as a result, a further drop in the rate of
output growth:

- Year 1 Year 2 Year 3
Unit cost of commissioned capacity
(conventional units) 20 21.2 23.1
Growth rate (percent) 106 106 109
Fixed capital investment 140 148.8 154.3
- (conventional units)
Crowtch rate (percent) 106 106 104
Commissioning of capacities 7 7 7
(conventional units)
Output (conventional units) 87 94 100.7
Growth rates (percent) 108.7 108.0 107.1

The statistics for the commissioning of capacities indicate that the average annual
volumes for the commissioning of capacities during three years of the Tenth Five-Year
Plan were for many items lower than during the preceding five-year period (see
Table 2). An absolute fall in the commissioning of capacities is being observed in
the following: coal and iron ore extraction; production of cast iron, rolled
metal, mineral fertilizers, soda ash, chemical fibers and threads, transformers,
metal-cutting lathes, paper, cement, precast ferroconcrete; the setting up of

looms and the production of leather footwear, meat, whole-milk products and many
other products. In the aggregate, this drop has taken place for 38 of the 54 most
important product itzms, while during the Ninth Five-Year Plan a trend toward an
absolute increase in commissioned capacities predominated.3 It {is characteristic
that falling rates for the growth of capacities commissioned are also observed

for such kinds of output that are distinguished by a relative homogeneity
structurally and qualitatively (for example, electric power and cast iron), as it
is also for output whose rating and volume is measured in conventional units
(mineral fertilizers) and in units of power (transformers).

Thus, at the present stage a situation has developed in which the fall in the
capacity equivalent for invested capital is occurring so rapidly that it cannot
be made up by the growth in the volumes of capital investments, as a result of
which a process of falling commissioning of capacities has been initiated.

Even glven stabilization of the average annual commissioning of capacities at a

constant level, production growth rates will gradually fall. And the absolute fall

in capacities commissioned promotes a more rapid drop in production growth rates.
: As a result (glven the condition of no change in the yield from existing fixed
capital and capacities), after two or three years the preconditions come about
for a drop in economic growth rates and additional constraints on the sources of
capital investment growth, and then for a new drop in capacities. Since production
capacities and fixed capital are formed by construction and machine building,
potential sources for increasing the capacity equivalent are found primarily in
these sectors.

Calculations made on the basis of listings of production areas and fixed capital
- for 1960 and 1972 show that the cost of one square meter of production area
increased at an annual rate of 5-6 percent, that is, at almost the same rate by

in
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which the capacity equivalent dropped for all fixed capital. Hence it follows

that the contribution from each of the two capital-forming sectors--construction
and machine building--~in the fall in the capacity equivalent is about the same.

The rates at which the capacity equivalent for all fixed capital and for their
active parte 1s falling are also equal. This is confirmed by the dynamics of the
technologic structure of capital investments. If the value of the active or
passive component had grown rapidly it would have caused a corresponding change in
their ratio. In the meantime, the share of equipment in production capital invest-
ments during the period 1966-1975 remained virtually unchanged while the capacity
equivalent dropped substantially.

The experience of a number of the industrially developed countries (the United
States, Great Britain and others) shows that the long-term trend is toward
increasing cost per unit of construction output. In machine building, however,
- there are major opportunities for reducing production costs per unit of utility.
In the USSR this trend is being deepened by the fact that the pioneer-type opening
up of new territories is being conducted in difficult climatic conditions and on
massive scales. In the opinion of speclalists, the most important thing to be
taken into account in the future with planning improvements and the utilization
of local and new, progressive construction materials, is stabilization of the
square-meter cost of production areas, or even a slight cost reduction. Since
the potential of construction in solving the capacity equivalent problem is
limited, a study of the possibilities of machine building is of special interest.
Increased costs for machine building output per unit of capacity commissioned can
be caused by two circumstances--increasing equipment costs per unit of productivity
(capacity), and an increase in the inventory of equipment that outstrips capacities
and output-—equipment which does not directly increase output but creates merely
favorable conditions for expanding production volumes (equipment for the production
infrastructure, environmental protection, offsetting deteriorating conditions for
: ore extraction, means of mechanization and automation).

= The USSR Central Statistical Administration has conducted one-off sampling
investigations of the relationships between wholesale prices and the productivity
of new (acquired during 1975-1977) and base (replacement) equipment for machine
building enterprises. Indexes were established for changes in wholesale prices
- (Jl) and productivity (J;) for new and replacement machines and equipment, and
the calculation was made of the coefficient for the relationship of wholesale
prices for new and base (replacement) equipment, as J=J1:J5. An increase in the
cost of a unit of capacity for equipment takes place when J>1, that is, when the
wholesale price has increased more rapidly than the productivity of the equipment.
The most vepresentative results were those from a study of four machine building

industries:
' Number of Those with
brands studied J>1 Tawe.

Ministry of the Electrical Equipment Industry 66 16 0.9
Ministry of Chemical and Petroleum

Machine Building 74 37 0.9
Ministry of Machine Building 37 15 1.0
Ministry of Machine Building for Animal

Husbandry and Fodder Production 16 8 0.7

6
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From the data cited it follows that although increasing cost per unit of capacity
i8 also being observed for many brands of equipment, the number did not exceed 50
percent in any of the four ministries studied. At the same time, for each

ministry, the average relationship between wholesale prices for new and base

(replacement) equipment (Jav) was less than unity, which indicates a reduction in
the cost of equipment. In our view, this 1s not typical for all machine building
since the study does not cover many of its branches and in terms of the kinds of
equipment studied relates predominantly to large-series production. Accordingly,
it 18 advisable to regard the data cited jointly with results from other studies.

Since the volumes of output for power and electrotechnical equipment is calculated
both in units of capacity and in value terms (in constant prices) it is possible
to make a direct measurement of the dynamics of unit cost for their capacities.
According to our calculations, during the Eighth and Ninth Five-Year Plans the
average unit cost for the capacity of power equipment (boilers ard turbines of all

- kinds) increased 25 percent, while the cost per kilowatt of capacity for electro-
technical equipment increased 27 percent. Similar calculations for 1976-1978

= have shown that growth rates in the increasing unit cost for the capacity of this
equipment during the Tenth Five-Year Plan has not only not fallen but has even
increased.

Judging from the dynamics for productivity as calculated by the Experimental
Scientific Research Institute of Metal-Cutting Machine tools and the average
price per machine tool fell during the Ninth Five-Year Plan by about 5 percent.
However, studies conducted by the State Committee on Prices show that productivity
growth for machine tools at 1 percent causes a rise in the upper limit of prices

- to 14-15 percent.6

The unit cost foi the capacity of metallurgical equipment is increasing. Thus,
according to the figures of V. Shtanskly, the cost of one ton of technologic
equipment for the "1700" strip mill for hot-rolled sheet, commissioned in 1968,
was 35 percent higher than for a similar mill installed in 1960, while a “2000"
strip mill manufactured in 1971-1973 was 30 percent more expensive than a similar
mill commissdioned in 1968-1969. The cost of equipment for 100-ton-capacity
converters increased by a factor of almost 1.5 during the period 1965-1969, while
during the period 1971-1973 the cost of a 300-ton-capacity converter increased 12
percent. A trend toward increased welght per unit of productivity is being
obgerved in the development of the structures for rolling mills. In terms of
weight, new rod mills are three times heavier than old mills, but thelr productivity
- is only 1.5 times higher. The cost of one ton of rolling equipment is also rising.
Even in the period 1972-1975 the cost of one ton of rolling equipment in constant
prices increased 8 percent. The replacement costs of, for example, light-section
mills-~the '280" tandem mill, the "250" continuous rolling mill, and the "250"
continuous high-speed rolling mill--are :an)a-easing in ratios of 1:6:10 while
productivity ratios are 1:3:4 respectively.

According to L. Suvorina's calculations, the unit cost of productivity for earth-
moving and earth-leveling equipment, means of transportation and tractors is

increasing. Average annual rates for this increase for five-year plans (as
percentages) are as follows:
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Eighth Five-Year Plan Ninth Five-Year Plan

Mechanical shovels 0.9 0.5
Bulldozers 4.6 2.2
Trucks 6.5 1.1
Mainline diesel locomotives 4.6 0.7
Caterpillar tractors 9.2 1.6
Wheeled tractors 3.4 4.5

Although not complete enough to discern general patterns in the change in the unit
cost for the capacity of Soviet-made equipment, the figures nevertheless make it
possible to state that the unit cost of productivity for many kinds of equipment
18 on the increase.

A generalized assessment of increases in the unit cost of capacity for both
Soviet-made and imported equipment can be made by comparing the dynamics for energy
consumption and the value of the active part of fixed capital (the idea of such
calculations was first mooted by Academician T. Khachaturov) 10 et us assume that
the total productivity for the machinery inventory is measured by the amount of
energy used, including electric power. A rise in the growth rates for the value
of the active part of fixed capital in comparable prices above the growth rates for
energy requirements, including demand for electric power, characterized growth
rates for the Increasing unit cost of productivity (capacity) of equipment. This
kind of evaluation can be overstated if within the period analyzed there is
deterioration in equipment utilization or the running times for engines.

Within the industry the growth indexes for the indicators examined were as

follows:11l
1966~1975 1976-1977
Active part of fixed capital 2.30 1.17
Energy demand 1.90 1.09
Demand for electric power 1.90 1.09
- Unit cost for productivity of equipment 1.21 1.07

Using the index for the unit cost of productivity for equipment it it possible to
- calculate the maximum possible average annual rates of increase for it. During
1966-1970 it was about 2 percent; in 1971-1975 it was 3 percent; and in 1976-1977
it increased to 3.5 percent; and the average for the Tenth Five-Year Plan will
evidently be about © percent. Calculations show that the increasing unit cost for
the productivity of equipment seen in recent years has been caused mainly by an
- increase 1n the share of imported equipment and the rising prices for imports.

If capacity equivalent for the investment of the active part of fixed capital
falls annually by 5-6 percent while the cost of equipment increases by 2-3 percent,
then the increasing unit cost for productivity can explain no more than half of

this fall. The other causes are outlays on means of mechanization to replace
manual labor, the automation of production processes, the development of the

8
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production infrastructure, environmental protection, offsetting deteriorating
natural conditions and so forth, which in many sectors and national economic
complexes are increasing more rapidly thanm output. As a result, they also exert
an effect on the fall in the capacity equivalent for invested capital.

For example, studies on the dynamics in the delivery of equipment tc sectors of

the fuel—-and-energy complex indicate that 15 percent of the extra demand is for
equipment that offsets deteriorating natural conditions (outlays on restructuring
sites assoclated with the switchover from gusher to pumping extraction of petroleum,
expanding recovery from strata with pressure maintenance and so forth), 11 percent
for the purcnase of means of transportation, equipment for electricity and heating
networks, and means of communication, that is, for the development of the
production infrastructure, primarily in new regions, 11 percent for mechanizaticn,
primarily in coal mines, and 8 percent for purchases of equipment for automating
production processes and control equipment for the branches of the complex.

When investigating the dynamics of the capacity equivalent, the role cf equipment
acquired that does not directly promote output volume growth should not be
exaggerated. Until recently this kind of exaggeration formed the basis of the
theoretical concept of the development of the output-capital ratio in production.
In the economic literature, the viewpoint predominated that the effect of technologic
progress on the output-capital ratio is seen in different ways at the two stages
of machine production. At the first stage, when as the result of technologic
progress there is the initial replacement of manual labor, the output-capital ratio
rises substantially; at the second stage the predominant role is played by the
replacement of less productive equipment with more productive equipment, and live
labor 18 saved not only by the direct replacement of manual labor with machines
but also indirectly, and conditions are created for reducing the output-capital
ratio.

Analysis shows that during the seventies not even 50 percent of the changes in the
capital—~output ratlo and return on investment could be explained by the mechanization
of manual labor. For sectors such as machine building and ferrous metallurgy,
labor mechanization had only an insignificant effect on the return from investments
On the whole, although it exerts a marked effect on the output-capital ratio, labor
mechanization 1s not the key factor explaining its dynamics., Research that has
been conducted makes it possible to provide a certain approximate assessment of
the distribution in the drop in the capacity equivalent for investments among
three factors--the increase in per square meter cost of commissioned areas, the
increase in the unit cost of equipment productivity, and extra outlays on building
up the inventory of equipment not directly connected with expanding output volumes.
If we take the entire drop in the capacity equivalent in percentage terms, about
50 percent 1s attributable to the construction factor and about 25 percent each

to each of the machine building factors mentioned, Together with the sector
structure of output, the structure of technologic methods for the production of
output, the technologic structure of capital investments and repeated calculation
for determining output volumes, these factors form the dynamics of the increasing
capital-output ratio and yield from capital.

An 1increase in outlays to build up the inventory of equipment not directly
connected with increasing output is also being observed in other developed
countries, and 1s evidently unavoidable in increasing scales, Thus, according

9
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to M. Shukhgalter, in the United States the share of multisector equipment—
computers, instruments, and transport lifting equipment--is increasing in the
output of machine building. Capital investment in environmentel protection is
growing rapidly. 1In ferrous metallurgy it has already reached 15.7 percent,

in power engineering 10.4 percent and in the petrochemical ‘ndustry 8.2 percent.
Along with these factors, unfavorable from the viewpoint of the capacity
equivalent, in the processing industry #mthe United States the percentage of
capacities per 1 percent of the growth of capital embodied in operating equipment
and production equipment is constantly rising. In the period 1950-1957 it was
1.24; 1n 1957-1966 it was 2.04, and in 1966-1972 it was 2.13.

Like outlays on acquiring multisector equipment, it seems that the growing cost

_ per unit of construction output is inevitable., Accordingly, possibilities for
altering the negative dynamics of the capacity equivalent should be sought
primarily in a relative price reductien for equipment. We shall analyze in more
detail the reasons for the growth in per unit cost of machine productivity and the
factors capable of causing a drop in this growth.

A number of economists consider tha. the increasing cost per unit of productivity
for equipment 1s primarily the result of unjustified price increases for equipment.
Data from a one-time study by the USSR Central Statistical Administration, however,
have shown that profitability for new equipment, calculated against the production
cost for those brands for which there has been an increase in the per unit cost for
- capacity, was on average lower than profitability for the total output of the
appropriate machine tool ministry, including total new output. If the increase in
the prices for equipment had been the result of systematic error in price forming
it would have caused a rapid and general rise in the level of profitability
for the output of the machine tool industries, as determined against production
costs. The statistics do not confirm that such growth has occurred. According
to figures from the USSR State Committee on Prices, during 1968-1973 wholesale
prices for machine tool building output were reduced by more than 14 billion
rubles--about 10 percent of the volume of investment equipment deliveries. Here,
the level of average prices for machines became higher because of the increase
in the specific share of more complex and high quality equipment with good
technical-economic parameters.

Finally, there are also cases of unjustified price increases for individual kinds
of equipment, in particular when it is delivered with the price set by comparison
with similer equipment or on a one-time basis. Figures have been published in
the economics literature according to which the cost of metallurgical equipment,
for half of which there are no price handbooks, and agricultural and other
equipment, is rising. The reason for the increase in the prices for Soviet-made
machines, calculated per unit of productivity, also lies in the fact that
improvements in technical-economic indicators are not limited only to increasing
unit capacity but also include other utility components. According to figures
from A. Koshuta and L. Rozenova, only about 30 percent of the total utility of
new mill equipment is assigned to labor productivity.15 A one-time study by the
USSR Central Statistical Administration showed that in the total for the general,
calculated economic effect, the effect of increased productivity for equipment
1s about 30 percent for the Ministry of the Electrical Equipment Industry, Ministry
of Machine Butlding and Ministry of Machine Building for Animal Husbandry and

- Fodder Production, while for the Ministry of Chemical and Petroleum Machine
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Building it is only 23 percent. For models with increasing cost per unit of

capacity (J>1) the share of equipment productivity in the total effect taken as
i an average for the four ministries equals the same share for the entire -aggregate
of brands studied, while for the Ministry of the Electrical Equipment Industry and
the Ministry of Machine Building for Animal Husbandry and Fodder Production it
even exceeds it. Hence it follows that in a number of machine building sectors
technical progress is aimed not so much at improving the productivity of equipment,
labor productivity, and saving equipment and labor, as at achieving other socio-
economic goals.

About two-thirds of the utility goes to saving current operating costs--reducing
the expenditure of fuel, energy and raw materials, and ultimately production costs.
The effect from increasing the service life of equipment is no greater than 5
percent, while the share of outlays to improve working conditions in 1-2 percent
of the total utility. These figures are average figures for the brands of machines
studied and there are substantial variations for individual brands.

Thus, in some sectors of modern machine building, technical progress is aimed

not so much at saving live labor by improving the productivity of the machines as

at cutting back operating costs. In these conditions, the increase observed in

the cost per unit of productivity for equipment is partially justified by the saving
on current outlays. Here, calculated per unit of utility, the price of machines can
fall even when it is rising per unit of productivity.

- From the above it follows that Soviet machine building does not have opportunities
to reduce the cost per unit of capacity for equipment, which is an essential
precondition for switching to a capital-saving type of economic development.

The potential reserves for reducing the cost of equipment are: reducing the amount
of metal used in machine building output, improving the organization of machine
building production, reducing labor intensiveness on assembling machines through
mechanization and automation, optimizing the characteristics of equipment produced
and finding replacements for imported machines, Let us deal in more detail with
each of these avenues.

According to specialist evaluations, domestic machine building has at its disposal
great opportunities for reducing the amount of metal used in production. However,
this does not always lead to a reduction in the cost of machines since the reduced
use of metal is achieved by using more expensive substitute materials, For
example, sized metal is about 1.3 times more expensive than hot-rolled metal, and
sheet metal about 1,2 times more expensive than graded, The coefficient of
substitution in these cases does not exceed 0,8-0.85 and so the gain in production
cost from saving metal can be covered by the increase in the price per ton of the
substitute steel. A ton of plastic can replace four or five tons of rolled

metal. Depending on what kind it 1s, however, the ton of plastic can cost many
times more than carbon steel, Since in substitution processes the effect of a
price increase for the substitute material jis comparable with a saving achieved
by reducing the cost of materifals and depends largely on the choice of branch,
section and dimensions both of the substitute material and its substituent, a
special investigation of the effect of substitution on machine production costs

18 essential.
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- Results from such an investigation conducted by S. Kristalnyy for three aggregates
for Ministry of Construction, Road and Municipal Machine Building enterprises that
- are relatively homogenous in terms of output produced are shown in Table 3.

Table 3. Effect of Amount of Metal Used on Output Production Costs in Machine

Building.
Metal used for
Outlay per ruble progressive Casting used
N Group| Number of of output less kinds of rolled (tons per million
enterprises | wages (kopecks) metal and metal- rubles)
ware (tons per
= million rubles)

1. Plants by output of excavators

I 3 60.4 210.1 554.7

11 4 66.8 264.8 469.9
) III 6 76.9 136.1 267.7
N 2. Plants by production of vehicles

I 6 66.3 93.2 100.9

11 4 75.8 74.8 231.5

II1 6 85.9 64.8 60.6

3. Plants by production of construction machines

I 4 52.5 205.3 308.1

1I 6 64.4 116.6 399.0
- ITT 4 73.9 104.3 212.3

The effect of the amount of metal used on the production cost of machine building
output--outlay per ruble of output less wages--has been analyzed. For this purpose,
each aggregate was broken down according to the magnitude of the production cost
indicator for the three groups. Outlays per ruble of output increase from the
first through the third group, while for the different aggregates the gap in
production cost between the extreme groups is about 30-40 percemt. It can be seen
from Table 3 that for enterprises producing excavators vehicles and construction
machines the same pattern is seen: the greater the amount spent per unit of output
of progressive kinds of metal output (rolled metal from low-alloy steels, sized
metal, curved sections and so forth), the lower the production cost. It is true
that the exception is observed for two excavator plants for the group, but this
reflects the statistical nature of this pattern. An increase in the specific use
of cast iron and steel castings per 1 million rubles of machine building output
also makes it possible to reduce production costs. However, here the increased
weight of the machine should not be forgotten; for mobile equipment, which road
construction equipment is, it not only means an increase in the amount of metal
used but also an increase in operating costs, particularly fuel.
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- Another important source for reducing machine building output production cost is
improving the organization of machine building production, particularly on the
basis of specialization. Although this question requires further study, figures
have been cited in the economics literature according to which the production cost
of output at specialized enterprises that manufacture output for intersector use
and instruments is lower than at nonspecialized enterprises. Proceeding from
evaluations available of despecialization it can be suggested that by eliminating
- it it is possible to reduce production costs for output in machine building by

' about 15 percent.

Reducing the production costs for machinery and equipment is also promoted by
mechanization of assembly, to which about 30 percent of all labor is devoted in
machinery production, while in one-time and short-series production runs it can

be 50-60 percent. About 25 percent of machine building has now been mechanized

and about 5 percent of assembly work has been automated. The level of mechanizaticn
and automation can be substantially raised in the future.

The investigations of A, Varshavskiy and L. Surovina, who used as their example
individual kinds of earth-moving and earth-leveling equipment, diesel locomotives,
- automobiles, tractors and combine harvesters, have shown that up to certain levels
the increase in the unit capacity of a machine causes a reduction in the price
of unit capacity. However, further increase leads to increased prices per unit
of productivity, and this is explained by the reduced production runs for super-
powerful equipment, and its design and technologic complexity. Accordingly,
gubstantiating expedient limits for increases in the unit capacity of machines
and assemblies is an important precondition for reducing the unit cost of capacity.
According to Soviet and foreign investigations, the partial replacement of expensive
universal production equipment (for example, lathes) with cheap, narrowly
specialized models, particularly if output i1s organized on the basis of a
standardized base model using the modular principle, can promote a reduction in
the specific cost of domestic-produced machines., Finally, the development of
the production of domestic-produced equipment can reduce imports of expensive
foreign equipment.

In the conditions of falling growth rates for capital investments, problems of

= improving the quality of all investment activity becomes paramount. The most
important of these problems is to slow the rate of fall in the capacity equivalent
for invested fixed capital and then to stabilize it and increase it, Not only

- the size of the country's investment potential but also future trends in the
capital-output ratio and economlc growth rates depend on solving this problem.

- Taking into account the increasing role of investment potential for the development
of the national economy, it is necessary in the near future to accelerate research
along this avenue, The USSR Central Statistical Administration should regularly
conduct one-time sampling investigations of the relationships between base prices
and equipment productivity, improving methodology for conducting such investigations
primarily through improving the representative nature of the samples, In the
future it would be expedient to organize one-time investigations of the dynamics
in the square meter cost of production areas. Economlc institutes of the USSR
State Committee on Prices, the USSR Academy of Sciences, and the USSR Gosplan,
together with sector institutes, should conduct comprehensive research on problems
of the capacity equivalent for fixed capital and draw up a system of specific
planning measures to reduce outlays and reduce the cost of production in machine
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building, construction, ferrous metallurgy and the construction materials in
industry. Such research will make it possible to raise the level of validity and
the normative role of limit prices for designing and planning equipment, buildings
and installations, and in the final analysis should promote a slowdown in the
rate of fall, the stabilization and growth of the capacity equivalent for fixed
capital,
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INTRODUCTION OF NEW TECHNOLOGY

METHODOLOGY OF MEASURING COST OF NEW TECHNOLOGY ANALYZED

- Efficiency, Unit Cost
Moscow VOPROSY EKONOMIKI in Russian No 9, Sep 80 pp 23-31

[Article by Yu. Tropin]

- [Text] The economic indicators of the efficiency of new technology that
have been developed and are now being used include the summary indicator of
- ite specific cost per unit productivity or other useful benefit: the ratio
of the price to the useful benefit. Admittedly an increase in the unit
cost reflects a relative increase in cost and a reduction a relative de-
crease in the cost of creating the new article as compared with the arti-
cles already being produced or some other alternative. But the method of
calculating the unit cost and the conclusions framed on that basis are not
altogether sound in our view, since by and large the price and the useful
- benefit are used to determine this indicator. Moreover, the latter is usu-
ally examined almost exclusively from the quantitative angle: the number
of parts produced, the volume of work accomplished, and so on. Though
these are indeed important, they cannot always serve as the basis for a
truly general assessment of the level of economic efficiency of machines to
be developed, especially in the context of present-day scientific-technical
progress, which ensures a constant rise in the technical level and quality
of technology.

All improvements to be introduced are related to some degree to the eco-
nomic efficiency of machines and should be reflected in the summary value
indicator of their efficiency--in the unit of the useful benefit. This
conforms to those demands which society places upon new technology. 'The
machines, equipment, instruments and manufacturing processes to be created,"
it was noted at the 25th CPSU Congress, "must exceed the best domestic and
world advances in their technical-and-economic indicators per unit produc-
tivity or other useful benefit."

We will first examine the value aspect of the useful benefit. Technology

1s characterized by the set of performance (technical-and-ecomomic) charac-
teristics, such as productivity, operating life and reliability, service
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life, level of mechanization and automation, operating time to failure,
transportability, etc. The price level and through it the unit cost de-
pends on their specific values. But this is only one important aspect of
the economic manifestation of the performance characteristics of machines.
Another equally important aspect lies in their impact on the cost of the
useful benefit in terms of operating costs (current and capital) to con-
sumers of technology. For instance, labor time to repair trucks exceeds by
30-40-fold the labor intensiveness of their manufacture.! The national
economy's annual expenditures for major and current repairs of machines and
equipment amount to a sizable sum~-about 14 billion rubles.? The absolute
and unit levels of operating costs are also subject to the impact of the
relevant technical-and-economic parameters of the machine. That is why an
improvement in the quality of technology aimed at increasing its economic
efficiency by reducing specific capital and current costs has great impor-
tance to the national economy.

We will assess the economic efficiency of a base model, 6668/6B, and a new
model, SMZh-166, concrete layer. Their principal technical-and-economic
parameters are given in Table 1.

Table 1
Concrete Placer Models
6668/6B SMZh-166
1. Wholesale price (in rubles) 5,666.0 16,600.0
2. Annual productivity (in cubic meters) 24,300.0 67,300.0
3. Annual current costs to the consumer (in
rubles) 5,492.0 9,893.0
4. Service life (in years) 7.0 7.0
5. Unit cost (line 1/line 2; in kopecks per
cubic meter) 23.3 24.7
6. Unit current cost (line 3/line 2; in kopecks
per cubic meter) 22,6 14.7

It follows from the figures in the table that the new concrete placer, the
SMZh-166, 1s 6 percent ([(24.7 - 23.3)/23.3] - 100) more expensive than the
base model in terms of specific cost. Does this correspond to the actual
state of affairs? It would not seem so. The operating costs of the new
concrete placer are 7.9 kopecks per cubic meter lower than those of the
base model in terms of unit output. This far exceeds the higher unit cost,
which was only 1.4 kopecks per cubic meter. It is important here to take
into account that the reduction of unit operating costs has resulted from
the new product's performance characteristics.

The analogous computations can be made for any other machines. Differences
might arise only in the quantitative values of the indicators. For in-
stance, according to the data of the All-Union Scientific Research Diesel
Locomotive Institute, the unit cost of the old narrow-gauge diesel locomo-
tive, the T-46, and the new one, the TU 6A, in terms of unit capacity is
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138.9 rubles per horsepower and 131.7 rubles per horsepower, respectively.
It was concluded on this basis that the unit cost of capacity was 5.2 per-
cent lower, But it was not taken into account in the computations that the
economic efficlency of the new locomotive in absolute and relative values
was substantially higher, above all because of the reduction of operating
costs. Annual operating costs per unit capacity were 223.9 rubles per
: horsepover for the base locomotive and 186.2 rubles per horsepower for the
- new one; that is, they dropped 37.7 rubles per horsepower, or 16.8 percent.
So, to have a fuller idea of the economic efficiency of equipment being
created, we also need to take operating expenses into account in calculat-
_ ing the cost per unit of the useful benefit. We will refer to this indica-
tor as full unit cost.

In discussing the question of unit cost and full unit cost, we must not
overlook a parameter like service life, which determines the product's
value and its operating characteristics. This is especially important in
the present stage of development of scilence and technology, whose distin-~
guishing characteristic is a stepping up of rates of obsolescence and re-
newability of machines which have been put into production. Whereas, for
example, at the beginning of the 20th century it took new equipment 35-40
years to become obsolete, in the seventies this time is estimated at 8-9
years for most up-to-date production operations, and in such a progressive
industry as the electrical equipment industry, the average product is en-
tirely replaced in 6~8 years. But service life has not been sufficiently
reflected in unit cost. Yet it is not possible to get a realistic idea of
the level of economic efficiency of products being compared, even if they
are equal in their levels of operating costs, if they differ in service
life,

It might be supposed on the face of it that problems related to unit cost
can be resolved by using the upper price limit. Attempts of this kind have
been made in the economics literature, but they have not elucidated the es-
sence of the problem under consideration, but have raised new questions
which themselves need to be substantiated.

Imputed costs are the basis of computing the upper price limit. When used
to compare different models of equipment, they can be transformed into the
following expanded equation:

(1)
KBYeN + IB),

in which Tsy and Tsp are the prices of the new and base models, respec-
tively; Ty and Tp are the operating lives of the new and base products, re-
spectively (taking into account the rate of obsolescence); Py and Py are
the annual volumes of output (operations) performed per unit of the new and
base products, respectively; Ky and Kp are the capital costs which the con-
- sumer incurs in using the new and base models, respectively; Iy and Ig are
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the consumer's current costs in producing the annual volume of output (an-
nual performance of operations) using the new and base models, respectively.

Cost benefits of changing the service life and level of operating costs of
the new model as compared to the model being replaced are reflected in the
upper price limit. Moreover, the principle of unalterability of the cost
per unit of the useful benefit is the basis for forming the Tsyp [upper
price limit]; this principle is realized if the wholesale price of the new
product is set at the level of its Tsyp. Setting the wholesale price at a
- level below or above the upper limit must correspondingly reduce or in-
crease the cost per unit of the useful benefit, and that also applies to
the full unit cost of new products.

These peculiarities of the upper price limit have been used by a number of
economists in determining the unit cost of a new product. Some of them
feel that reduction of the specific cost per unit of the useful benefit can
be expressed by a cost reduction coefficient, which is calculated by divid-
ing the sales price by the upper price limit of the new product." On the
whole this approach furnishes a relative description of the level of eco-
nomic efficiency of a new product, but it is not indisputable. It is dif-
ficult from this coefficient to judge the real unit cost of the new product
as compared to the model being compared when the time factor and its dy-
namic behavior are taken into account. Even though it has been proposed
that the level of the benefit for the old product be taken as unity, the
problem is still not solved.

Nor is it possible to provide a sound estimate of the level of economic ef-
ficiency of a new product from the unit cost calculated by dividing the up-
per price limit by the size of the useful benefit.5 V. Gal'perin, who has
made the necessary calculations, asserts, for example, that setting a ma-
chine's wholesale price at the level Tsyp signifies a rise im its unit cost,
and the upper level itself serves as a cover for a rise in the cost of new
technology. In our view this is not altogether sound.

There is no question that it is not the upper limit itself that is "guilty"
in such conclusions and evaluations. Its practical value and theoretical
gsoundness are well known. It seems that the main reason lies in the fal-
lacy of using the Tsyp to determine the unit cost, since its economic con-
tent is not fully taken into account in this operation.

First of all, the upper limit of the price is the maximum economically per-
missible theoretical value of the wholesale price. It is used to attain in
economic terms an equal rate of benefit from using technology per unit of
the useful benefit, that is, to state the essential, to achieve equality of
the unit costs of all the alternatives being compared (including the base
model). Consequently, the Tsyp cannot reflect (through the unit cost) the
real dynamic behavior of the economic efficiency of new technology per unit
of the useful benefit as compared with the level already attained.
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Second, the levels of the unit cost of different versions of new technology
which are equally profitable in economic terms, computed on the basis of
the Tsyp, may differ from one another, because the level of the upper price
limit is directly determined by the values of operating costs and service
life of equipment. A small change in them in the new model as compared to
the model being replaced or a small difference between the alternatives is
sufficient for this to be reflected in the level of the Tsyp and the unit
cost calculated from it, Reduction of the level of operating costs and a
lengthening of a product's service life will tend to raise the upper price
limit and unit cost, and a rise in the level of operating costs or a reduc-
tion of the service life will tend to lower them. We will demonstrate this
using the figures in Table 2, which presents the technical-and-economic pa-
rameters of the new concrete placer, the SMZh-166.6 As we change its cur-
rent costs and operating life, we will examine their impact on the level of
the upper price limit and the unit cost (see Table 2).

Table 2

Alternative Versions
SMZh-166 1 2 3

] &

1. Annual current

costs (in ru-

bles) 9,893.00 9,893.00 9,893.00 8,500.00 11,000.00
2, Annual produc-

tivity (in cu-

bic meters) 67,300.00 67,300.00 67,300.00 67,300.00 67,300.00
3. Operating life
- (in years) 7.00 5.00 9.00 7.00 7.00

- 4. Upper price

limit (in ru-

bles) 33,847,00 28,322,00 37,963.00 38,604.00 30,067.00
5. Unit cost

(line 4/line

2; in kopecks

per cubic me-

ter) 50.29 42,08 56.41 57.36 44 .68

The reduction of current costs and the lengthening of the operating life
increased the unit cost from 50.29 kopecks per cubic meter to 57.36 kopecks
per cubic meter (version 3) and to 56.41 kopecks per cubic meter (version
2). On the other hand a rise of current costs and reduction of operating
1ife brought about a drop in the unit cost to 44.68 kopecks per cubic me-
ter (version 4) and 42.08 kopecks per cubic meter (version 1). But it
would be premature to frame a conclusion on this basis concerning the rela-
tive 1nexpensiveness or expensiveness of the equipment. If the wholesale
prices of concrete placers are set at the level Tsyp, they will all be
equivalent in economic terms, and their full unit cost ought not to change
relative to the model being replaced. The reason for the fluctuation in
levels of unit cost of equally beneficial versions lies elsewhere.
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The economic consequences of changes in the performance characteristics of
the products in relation to the useful benefit are not fully taken into ac-
count on the basis of the Tsyp, nor indeed of the wholesale price. Com-
parability of the equipment with respect to the time factor is not achieved,
as can be seen from the figures in Table 2. It is this that brings about
the substantial discrepancies in unit values. For the same reason compari-
son of the sales price of a new product with the Tsyp or comparison of the
Tsyp with the lower price limit and again of the Tsyp with the price of the
old product7 can lead to erroneous ideas about a new product's level of
i} economic efficiency.

In our view it is not the upper price limit or wholesale price that is best
adopted as the basis for determining the full unit cost of a new product,
but rather the imputed costs, or, more accurately, expression (1), in which
the initial condition of the economic efficiency of the new product is in-
corporated: unalterability of cost per unit of the useful benefit. This
guarantees comparability of products with respect to service life and a
comprehensive value assessment of other technical-and-economic parameters.

For all variations of Ty, Ky and Iy both parts of the expression (1) will
be equal, since such fluctuations "pick up' and incorporate the upper price
limit (Teyp = Tsy), which ultimetely makes it possible to realize the prin-
ciple of equal economic profitability of the technology being compared.

The full unit costs of the product being replaced (Ugp), which are calcu-
lated from its imputed costs, are of the initial and upper standard of ef-
ficiency of this equal rate of benefit for mnew models to be developed.

They are defined as Ugp = Zp/Pg.

For the base concrete layer, the 6668/6B, the value of Zpg will be equal to
7,151 rubles (5,666 x 0.15 + 5,666 + 0.14286 + 5,492). Consequently, the
full unit cost is 29.43 kopecks per cubic meter (715,100 kopecks:24,300 cu-
bic meters). It is the value obtained that will be the initial standard of

- efficliency for the set of new versions of the base machine (Uyp), which
follows from the equality of imputed costs.

As a matter of fact, the level of imputed costs of the new product is di-
rectly proportional to its productivity as compared to the model being re-
placed. It is sufficient to know the full unit cost of the machine being
replaced and the productivity of the new one, Zy can be determined without
complicated computations. For instance, for the SMZh-166 concrete placer,
they are 19,806 rubles (29.43 kopecks - 67,300). The result will be the
same if we use in the computation the more complicated formula of imputed
_costs: (ZN = TsNYeN + TsN(1/TN) + KNYeN + I). When we divide the value
found by the productivity, our result is that Uyp will be 29.43 kopecks per
= cubic meter for both this machine and the one being replaced.

If the actual full unit costs of the new product turn out to be higher or
- lower than the initial standard, then that product will be relatively more
expensive or relatively less expensive. In order to ascertain these
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changes, we need to calculate, first, the actual imputed costs ZpN of the
new product, since the values Py, Ky, Iy and Ty are calculated values,
while Tsy is the economically permissible maximum value. ZFN can be deter-
mined from this formula:

Zpy = TsppYey + TSop(l/TFN) + KpnYey + Ipn, (2)

in which Tsgp, Tpy, Kpy and Ipy are the wholesale price, actual service
life, accompanying capital expenditures and current costs, respectively.
Then the full actual unit cost of the new product is calculated thus:
UNP = ZFN/PN.

The wholesale price of the new concrete placer, the SMZh~166, is set at the
- level 16,600 rubles. If the other indicators do not change, its actual im-
puted costs according to formula (2) will be equal to 14,754 rubles
(16,600 x 0.15 + 16,600 x 0.14286 + 9,893), while UNp = 21.92 kopecks per
cubic meter (1,475,400 kopecks:67,300 cubic meters) as against the initial
standard of 29.43 kopecks per cubic meter. Thus the drop in full unit
costs and the relative drop in the cost of the new concrete placer were
25.5 percent (100 - [21.92/29.43] .« 100). If the sales price is compared
to the upper price limit, the relative drop in cost will be 51 percent
(100 - (16,600/33,847) « 100). Taking into account what we have said above,
this value is clearly too high.

In our view it is advisable to use the full unit cost as a summary indica-
tor of efficiency in economic substantiation of the production of a new
product, in justifying incentives to encourage that production, and so on.

- This applies above all to the full unit cost of the product being replaced,
which can be used as the limit cost standard instead of the ceiling price
(Tsp). Like the ceiling price, they should be examined in the period when
the technical assignment for designing the new prototype is being drafted,
using this formula:

Upg = Ugp * B, (3)

in which Upg are the adjusted full unit cost of the base model; Ugp are the
full unit cost of the base product in the year of the computation; and B is
the coefficient of reduction (increase) of the unit costs of the base prod-
uct from the year of computation Ugp to the year for whose conditions the
wholesale price of the new product is being set.

An important advantage of the full unit costs over the ceiling price as an
indicator is its greater accuracy. It is founded on its very basis on ac-
tual data, whereas the ceiling price is based on calculated and forecast
data. There may be cases, then, when its level is substantially raised
(lowered) because of errors in the computations or because of the complex~
ity of fully taking into account the influence of technical-and-economic
. parameters (which in addition are grojected) on the current and capital
costs of the design being created.® Determining Ugg does not necessitate
cumbersome computations as are required to find the ceiling price.
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It is also necessary to bear in mind that in the process of creating a new
product its economic efficiency may be raised by virtue of a reduction of
the level of operating costs. But developers are not objectively inter~
ested in this kind of reduction, since it tends to increase the Tsyp, which,
glven the established Tsyp, could make it difficult to fulfill the condi-

- tions of the technical assignment for the given parameter (especially for a

) product that is not efficient enough). They are rather interested in a cer-
tain reduction of the economic eificiency of the equipment being developed
by virtue of a rise in operating costs, since this reduces the level of the
Tsyp from the level previously calculated. This creates for the developers
more opportunities for fulfilling the conditions of the contract with re-
spect to the ceiling price. Use of the full unit costs (Ups) as an indica-
tor instead of the Ts] excludes these adverse manifestations.

Full unit costs are also a sufficiently objective standard for computing
the economic benefit to the national economy, both computed (ER), in con-
nection with the technical-and-economic substantiation of products, and the
actual (E), for purposes of setting the wholesale price. First we deter-
mine the size of the economic benefit per unit of output using the new
product (E = Ugp - Uyp), and then the annual economic benefit (Eg = E - Py)
and the benefit over the operating life (Ey = Eg/[(1/Tpy) + Yer]). ER can
be found analogously. But here the unit costs of the new product will be
calculated with respect to the projected parameters, and those of the base
model from formula (3). The good thing about computing the economic bene-
fit with this method is that the calculation is based on an objective and
actual value-~the full unit costs of the product being replaced.

Breaking down the full unit costs of the product (the new ome and the one
to be replaced, the planned and the actual) into the respective components
(materials, components, net output, profit, etc.) reveals opportunities to
plan them and set limits on them, to discover the real tendencies in the
movement of these elements, and also to discover the factors that influence
them.

In a majority of production operations the cost of the useful benefit de-
pends on the technical level of machines, equipment and instruments, con-
stant improvement of whose quality is one of the tendencies of scientific-
technical progress. K. Marx wrote that the purpose of introducing machines
is to "reduce the cost and probably also the price of the commodity, making
it cheaper, i.e., reduce the work time required to produce a unit of the
commodity."d

Reduction of a commodity's cost occurs through a relative drop in the cost
of the machine itself, which is reflected in the full unit cost. But a

- relative cost reduction can also occur by virtue of improvement of manufac-
turing operations, which largely depends on the machine used. "... The
quality of machines and equipment used," K. Marx wrote, "determines whether
more ogoless of the raw material will become waste in the production pro-
cess,"
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Much attention is being paid in our country to creation of machines, equip-
ment and instruments that conserve physical and labor resources. For in-
stance, in the production of steel sheet with minus tolerance (11.2 mm x
1,000 mm) instead of the nominal tolerance (12 mm x 1,000 mm) a savings of
more than 70 kg of this metal which is in short supply is achieved for ev-
ery ton of steel. In the 1976-1978 period the savings on raw materials,
supplies, fuel and other subjects of labor alone that resulted from these
measures was about 8 billion rubles. But this potential has not been ex-
hausted by any means. The coefficient of utilization of metal in machine-
building, rolled steel products, etc., is still low.

But improvement of the quality parameters of machines ordinarily requires
additional funds. In particular, to increase the precision class of cast-
ings (other conditions being equal) additional expenditures are required to
improve metal forms, and this increases their full unit costs. It turns
out that the higher the quality of a new product, the more expensive it
will be ir relative terms. But when the improved form is used in casting,
one can obtaln castings with a higher class of precision, and subsequently
smaller expenditures of live and embodied labor are required in machining
them to the set standard. There is also a saving of metal here. Conse-~
quently, from the standpoint of the ultimate result, that is, the useful
benefit, there is no ambiguity here.

The economic benefit, which depends upon the performance characteristics of
machines, is not fully taken into account at present in the imputed costs,
the unit price and the system of economic incentives. New technology is
recognized to be efficient if the ratio of the economic benefit to the
wholesale price is 15 percent or higher. 1In this case it is economically
advantageous for the manufacturing enterprise to produce the new product.
From the proceeds of its sale it will reimburse production costs and will
obtain an incentive supplement applied to the wholesale price in the form
of additional profit. A system for economic stimulation of enterprises
acting as developers and consumers of the particular product has been
worked out and is in effect. Consequently, such an important line of effi-
clency as the quality of machines is unjustifiably left out of this system.

The question of the need to give fuller consideration to quality parameters
(related to the benefit, the saving on physical and labor resources) in
technical~and-economic substantiation, development and material incentives
pertainin% to new products has been repeatedly raised in the pages of this
journal.!!l Pursuit of this direction for increasing the efficiency of so-
cial production is conducive to orienting current and multiannual (5-year
and longer-range) plans of scientific~technical progress toward systems of
machines and improvement of their quality; toward development of pace-
setting standards; toward use of the program method of planning production
and improving the product on the basis of its full life cycle. Important
opportunities are embodied in the extension of the system of certification
to technical developments, designs and technical specifications.
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In recent years a number of documents on methods have been drafted which
reflect certain indicators 'product quality--quality of the useful bene-
fit." They include, for example, the Instruction on Procedure for Coordi-
nated Development, Approval and Application of Technical Specifications and
Prices to Products of Machinebuilding for Industrial and Technical Pur-
poses, the Method (Basic Principles) of Determining the Ecomomic Efficiency
of Using New Technology, Inventions and Production Innovations in the Na-
tional Economy, etc. Work is being done to improve them further. Experi-
cnce has been gained in determining volumes of output in standard units
that reflect quality parameters and performance characteristics of prod-
ucts, supplies and raw materials. Thus the methcdological base is taking
shape for computing the econcmic results of improvement of the quality of
machines.

The full unit costs of the quality of products (in the breakdown we have
used) can be taken into account on the basis of summary imputed costs.!Z?
Then the initial equation (1) for determining the full unit costs will take
the following form:

Iy + 2y + 2y = (PN/PB)(Zp + 28y + Zgy), (4)

In which Zy and Zp are the imputed costs of the new and base technology,
respectively; Zy; and Zpg; are the imputed costs of the quality of the prod-
uct and of the other useful benefits attained in using the new and base
technology, respectively; Zy» and Zpp are the imputed costs pertaining to
goclal parameters. When there is a change in the level of Zy; and Zy, from
their values for the base product, we need to make corresponding adjust-
ments in the formulas for calculation of the full unit cost. But it is ad-
visable to single out their specific values in the standard Uy and Up and
to take them into account separately.

The decree of the CPSU Central Committee and USSR Council of Ministers en-
titled "On Improving Planning and Strengthening the Influence of the Eco-
nomic Mechanism on Increasing Production Efficiency and Work Quality' has
given a central place to further improvement of organizational and economic
meagures aimed at developing and speeding up industrial application of ad-
vances of scientific~technical progress. Performance of these measures de-
pends largely on improving methods of calculating the indicators for deter-
mining the economic efficiency of new technology. The use of the proposed
indicators in planning and stimulating the production of new technology
will 1in our view contribute to the soundness of the economic decisions
made.

- FOOTNOTES

1. V. Deryabin, "Forecasting the Economic Results of Improving Machines
in the Predesign Stage," VOPROSY EKONOMIKI, No 8, 1979, p 132.
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- COPYRIGHT: Izdatel'stvo "Pravda," "Voprosy ekonomiki,"" 1980

Economic Efficiency of Technology
Moscow VOPROSY EKONOMIKI in Russian No 9, Sep 80 pp 119-128
{Article by N. Miloslavskiy]

[Text] The decree of the CPSU Central Committee and USSR Council of Minis-
ters on improving planning and further improvement of the economic mecha-

- nism attributes great importance to estimation of the anticipated and ac-
tual economic benefit to the national economy from utilizing the advances
of science and technology.

At the same time a substantial role in increasing the efficiency of social
production is to be played by assigning to industrial ministries, associa-
tions and enterprises in plans of economic and social development targets
for the growth of net output (normative) and for the rise of labor produc-
tivity measured in terms of net output, Adoption of these indicators in
the practice of planning and cost accounting (khozraschet) will be regu-
lated by new methods guidelines.

Methods and instructions adopted in various years on determination of the
economic efficiency of new technology and capital investments, on price
setting and on economic incentives to stimulate scientific-technical prog-
ress in physical production are simultaneously in effect in the country at
the present time. It is by these documents that one is supposed to be
guided in the stages of planning new technology, scientific development,
project planning, and organization of industrial production, and this more-
over is to be done in the context of cost accounting at all levels of man-
agement. But if one compares them, ome finds that they are not suffi-
clently consistent, and a number of the basic premises are even contradic-
tory.

We will illustrate what we have said by taking the examples of the Standard
Method of Determining the Economic Efficiency of Capital Investments (ap-
proved in 1969 by USSR Gosplan, USSR Gosstroy and the USSR Academy of Sci-
enceg); the Method of Determining Wholesale Prices of New Products for In-
- dustrial and Technical Purposes (approved by the USSR State Committee for
Prices in agreement with the State Committee for Science and Technology in
1974); the Method (Basic Principles) of Determining the Economic Efficiency
of Using New Technology, Inventions and Production Innovations in the Na-
tional Economy (approved in 1977 by the State Committee for Science and
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Technology, USSR Gosplan, the USSR Academy of Sciences and the State Com—
mittee for Inventions).*

For instance, the standard coefficient of efficiency of capital investments

Yey, according to the Gosplan Method, is set at a level of at least 0.12,

while under the GKNT Method it is 0,15. Moreover, in the first case devia-

- tions from the standard coefficient are allowed in industrywide instruc-
tions, but in the latter it is adopted as the sole standard, and deviations
are not permitted.

The coefficient for prorating outlays made at different times, which is the

N same in the conditions of its application, is adopted at 0.08 in the Gos-

- plan Method and 0.10 in the GKNT Method. The initial discrepancy of 20
percent rises sharply in computations pertaining to complicated percentages
over prolonged periods amounting to many years. Yet either of these values
can be adopted in any region of the country and in any institution at the

_ discretion of the persons using this or that method.

A still larger difference between the two methods is manifested on the fun-

damental question of the procedure for quantitative computation of the ef-
- ficiency of new technology. For example, one and the same means of produc-
tion--a machine--is examined in the Gosplan Method from the standpoint of
the benefit over 1 year of its operation (the gain in terms of imputed
costs), while in the GKNT Method it is regarded over a concrete service
life given 1in advance.

The Goskomtsen Method establishes the same method as the GKNT Method for

_ computing the economic benefit from utilizing new technology over its ser-
vice life, and they also coincide in the structures of the computational
formulas, but certain of the principal elements in these formulas differ
fundamentally, specifically: instead of the imputed costs of production of
the base machine (being replaced) and the new implement the Goskomtsen
Method takes the price and the lower price limit, respectively, of these
machines, that 1is, standards of profitability differentiated by industries
and subindustries are introduced; in some cases they are computed relative
to the value of productive capital, and in others relative to the produc-
tion cost; instead of partially taking into account the consumer's capital
investments accompanying application of the new technology with the de-

- scending coefficient

Yey/ (P, + Yey),

- in the Goskomtsen Method its full value has to be taken into account, and
that is approximately twice as great,

* Hereafter these documents will be referred to briefly as follows: the
Gosplan Method, the Goskomtsen [State Committee for Prices] Method and the
GKNT [State Committee for Science and Technology] Method, respectively.
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What we have sald above indicates the need to create and establish through-

out the country uniform foundations for determining the economic efficiency
- of new technology, capital investments, price setting and economic incen-

tives of scientific-technical progress, The partial method used for spe-

cial purposes should be renewed and coordinated on the basis of this funda-
- mental document.

- 1. 1In accordance with the Method of Determining the Economic Efficiency of
Using New Technology, Inventions and Production Innovations in the National
Economy (hereafter briefly referred to as the Method), the principal indica-
tor of the efficiency of new technology (inventions and production innova-
tiong) from the standpoint of the national econaomy is the indicator of the
annual economic benefit, which depending on the type of new technology is
to be calculated either from the formula of the difference in imputed costs
(3),* or according to three computational formulas (4), (5) and (7), intro-
duced for the first time by the Method. We should point out ir this con-
nection that the annual economic benefit of new technology should be deter-
mined by comparing the imputed costs for the base technology (the one being
replaced) and the new technology and that in the final analysis it is ex-
pressed in a growth of the national income.

The question arises: Does this expand opportunities for computing the eco-
nomic efficiency of new technology? We will examine the conclusion and
structure of new formulas as compared to formula (3) adopted in the in-
structions previously in effect; according to the notation used in the
Method, it takes the form:#*#*

B = (2Z) - Z)A,, )

in which Z, and Z, are imputed costs of production per unit output (work)
performed by means of the technology being replaced and the new technology,

- respectively; Az is the annual volume of production (performance of work)
by means of the new technology in physical units. In this Z; = S; + YeyK,;
Z3 = S; + YeyK,, in which S; and S, are the production cost per unit output
(work); K, and K, are specific capital investments in productive capital;
YeN is the standard coefficient of efficiency of capital investments, which
is equal to 0.15.

Computation using the formula (3) is allowed by the Method only in case of
application of new manufacturing processes, mechanization and automation of
production, and methods of organizing production and work which afford a
saving on production resources for one and the same output.

*  The numbering of the Method's formulas is retained here and hereafter.

New expressions introduced are denoted by indexing the numbers this way:

1", 2", 3", and so on.

= ** Here and hereafter the lower indices (1, 2) pertain respectively to the
computational elements of the base version (being replaced) and the new
version of the technology and manufacturing process.
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In all other cases, and specifically in the production and use of new means

of labor (mechines, equipment and instruments), new subjects of labor (sup-

- plies, raw materials and fuel) and a new product for nonproductive purposes
(or one of improved quality), the annual economic benefit is to be computed
according to the new formulas we have mentioned.

The new formulas of the Method can be derived from the general condition of
B the growth of net profit of enterprises under the respective specific sup-
positions for each of the three cases of computation indicated:

E = [(TSV2 - 22) - aY(TSI - zl)]Azs (1")

in which Ts; is the price of the base technology; Tsv2 is the upper price

limit of the new technology; a is the ratio of the productivity of the new

machine to that of the machine being replaced or unit costs of the machine

being replaced and the new machine (in the notation adopted in the Method:

V,/Vy and U;/U,, respectively); y = (R; + YeN)/(R2 + Yey) is the corrective
coefficient for taking into account differences in service life between the
base (t; = 1/R;) and new (t; = 1/Ry) equipment.

The upper price limit of the new technology is determined from the condi-
tion of equality of imputed costs for the versions being compared in the
sphere where the technology is to be applied.

As a matter of fact, after substituting the values of these parameters into
the initial condition of a growth of net output (1"), we get formula (4) of
the method for computing the annual economic benefit from production and

use of new durable instruments of Llabor with improved quality characteris-
tics (with respect to productivity and the like) with abbreviated notation:

E = [az)([Ry + Yeyl/[Ry + Yeyl) + ([a1! - Ye AK1]/[R, + Yeyl) -
()
ZZ]A2'

in which AI! is the annual saving in the sphere of use of the technology on
the basis of operating costs with the exception of outlays for full replace-
ment of the base technology in the new technology relative to the total vol-
ume of output produced per unit of the new technology; AK! is the saving
corresponding to these costs in accompanying capital investments in the
sphere of use of the technology; A, is the annual volume of output of the
new technology in physical units.

If we substitute into formula (1") the coefficients of full replacement
R; = Ry = 1, apply the increments A1l and AK! not to the entire volume of
output, but to the unit output produced using the new instrument of labor,
- and correspondingly determine the upper price limit, then we get formula
- (5) of the Method for determining the annual economic benefit from the
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production and use of new or improved subjects of labor and also of instru-
ments of labor with a service life less than 1 year.

Finally, substituting into formula (1") TsV =S+Pand Tsy = 2, =0, in
2

which P i{s the profit from the sales per unit of a product for nonmproduc-
tive purposes, we get formula (7) for computation of the annual economic
benefit from production of a new product to meet the needs of the public:

- E= (P - YeyK)Ay. (7

We analogously obtain the formula of the annual economic benefit from pro-
duction of an improved product:

- E = [(P, - YeNK,) - (P, - YeyK,)1A,. (7a)

Returning to the initial formula of the growth of net profit (1), we must
note that its structural elements diverge from the idea of the basic for-
mula (3) concerning computation of the standard efficiency Yey in portions
of capital investments or the value of productive capital. After the com-
mon denominator (R, + Yey) has been dispensed with, "reductions of reduc-
tions" of the type YeyZ immediately appear, whereas by the logic of the
method of imputed costs, in our opiniom, products only of the type YenK or
YenTs are possible here. This is obviously a consequence of the treatment
of the economic benefit adopted by the Method, which calls for equating the
annual output (operation) only in the sphere of application of the equip-
ment, but does not take into account that by the very nature of the problem
this kind of identity does not exist in the sphere of its production. We
will examine the argument we have expressed in more detail.

We will make the formula of the growth of net profit (1") relative to the
unit of the new technology (4, = 1) and bring it to the following form:

E = (aZ) - Z,) + aZ,([R; - R,1/[R, + Yey]) + (Tsy, - ayTs,). (2"

In this case the difference (aZ; - Z,) can be regarded as the economic ben—
efit in the sphere of production of the new technology and the base tech-
nology only if output is the same in the year covered by the computation,
that is, if the sum of the two last terms on the right side reflects the
economic benefit in the sphere of application that is independent of the
quality peculiarities of the new and base technology. But the conditions
of the problem envisage the opposite case, when the difference in service
1ife and in the size of accompanying costs I! and K! is determined by the
physical and technical characteristics of the new and base technology, im-
parted to them when they were created.

Even when (Tsv2 - ayTs;) = (AI! + Yeyakl)/(R, + Yey) = 0, the sum of the

first two terms on the right side cannot be regarded as the difference of
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- imputed costs incurred in the year covered by the calculation for the new
and base versions of the production of the equipment. On the contrary,
this assertion amounts to an artificial supposition that it is enough to
increase the imputed costs aZ, for the base version by the magnitude az, =
(Ry - Rp)/(Ry + Yey) to ensure output in the accounting year of products
possessing the quality characteristics of the unit of new technology. An
assumption of this kind does not follow from the conditions of the problem.
In other words, a certain third version is being introduced into the calcu-
lation and it is with thiz (and by no means with the base version) that use
of the new technology is being compared. For instance, if the new and base
technology are characterized by the same productivity (N units of output
per year) and differ only in service life (say, t; = 5 years and tp = 10
years), then E = Z,([0.2 - 0.1]/{0.1 + 0,15]) + Z; -2,=1.412, -2,

But it does not follow from this example that by increasing the imputed
costs by a factor of 1.4 we can thereby (by virtue of the third version)
eliminate the difference in service life of the new and base technology.

This erroneous use of the method of imputed costs ultimately gives rise to
a contradiction between the condition of the growth of net profit (1") and
the basic formula (3). The reason is that one and the same type of imple-
ment or subject of labor is first (so long as it is considered new) com-
pared with the base technology with respect to their imputed costs of manu-
facture according to formula (1"), but later (when the technology for use

- of the equipment is being updated) this 1s done with respect to the cost of
_ their manufacture in accordance with (3).

On the basis of what we have said above, we can draw the conclusion that it
would be more advisable to evaluate the computed benefit from production
and use per unit of the new technology in the form of the growth of the ac-
tual rather than the net profit and determine it in the form of the alge-
‘ braic sum of changes in the value of the technology as compared with the
- base technology by virtue of the new technology for production of equipment
and the consumer's utilization of the improved quality characteristics of
the new technology over its service life,

We will denote the value per unit of the new and base technology, which re-
flects the socially necessary expenditures of labor to produce them, as Tsy
and Ts,, respectively; then this algebraic sum takes this form:

E = (aTs; - Ts,) + aTs;([R, - R,1/[R, + Yenl) + (Tsv2 - ayTs;). (2a")
A comparison of the formulas (2") and (2a") shows that the value of the
product (Ts;, Ts,) is being equated with the imputed costs of its manufac-
ture (Z,, 2,). After all, the method of imputed costs is based on applying
one and the same efficiency coefficient Yen not to the basic capital in-

vestments, but only to supplemental capital investments, when the alterna-
tive to their use in any industry of physical production is one and the
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same method of using them for the national economy as a whole. The coef-
ficlent YeN is legitimately used in such computations as the sole indicator
of relations between the elements of the balance of imcome, expenditures
and the value of productive capital. This coefficient is relatively stable
even in time, since with a growth of the national income the absolute sum
of funds allocated to the consumption fund also increases.

By contrast with Yey, the industrywide coefficients of profitability Ye,
are computed with respect to the total amount of capital investments (and
not the additional amount), which is the value of productive capital, and
that is why they can be used to determine the transformed form of the value
of the surplus product created in industries. Taking them in computations
as the same for different production industries is to fail to take into ac-
count the influence of differences in the level of the equipment-worker ra-
tio.

Formula (7) can be reduced to the form: (Tsv2 - 2,), and formula (7a) to
the form: (aZ; ~ 2,) + (Tsv2 - Ts;), which indicates, in our opinion, not

only a confusion of the concepts of the value of the product (Ts;, Ts,)
with the imputed costs of its manufacture (Zl' 22), but also other inde-
terminacy with respect to the procedure for computing the upper price limit
Tsy .

2

The accompanying capital investments K! to create the productive capital
and the operating costs 1! must be taken into account under the Methodolog-
ical Guidelines for Compilation of State Plans of Development of the USSR
National Economy and the Basic Principles for Planning, Recording and Cal-
culating the Production Cost of Industrial Products. But this means that
k! and 1! are basically determined from the value (in actuality from the
prices) of their component elements, while the analogous indicators for the
base and new technology are determined from the imputed costs of their man-
ufacture. In this procedure the size of the surplus product is reflected
in the values K! and 1! by means of the profitability coefficient Yeg,
which, as we know, varies in practice, though not in theory, from industry
to industry in the range from fractions of a percentage point to tens of
percentage points, while in the formula of imputed costs (S + YenK) the co-
efficient Yey must be taken at the invariable level of 15 percent in accor-
dance with the Method.

Thus we either have to give up the double counting of the annual economic
benefit from production and use of new implements and subjects of labor
which has been introduced by the Method, or first conduct a reform of price
setting (set prices equal to imputed costs) and only then put the new
Method into effect.
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2. It is well known that the economic benefit from application of new
technology and manufacturing processes can be computed either directly in
the form of the difference between imputed costs

AZ = Z; = Z, = AS + Yepsk, 3"

or by capitalizing it, that is, by taking it for the accounting (first)
year of the innovation's application in this form:

AK = (AZ/Yey) = AK + (AS/Yey). 4"

The quantity AK can be regarded as the full saving of sccially necessary
(abstract) capital investments.

From the computations of the main formula (4) of those newly introduced by
the Method--the formula of the annual economic bemefit from production and
use of new implements of labor--we obtain a far larger benefit than with
(3") and far smaller than with (4"), even if we do not take into account
differences between the value of the implements of labor and the imputed
costs of thelr manufacture. For instance, when the service life of an im-
plement of labor is t = 10, the annual economic benefit obtained is four-
fold greater than when calculated from formula (3") and 1.67~fold smaller
than from formula (4").

We will examine this question in more detail on the basis of the general-
ized formula of the saving on capital investments over any period of appli-
cation tj of any length (so long as it is longer than the service life) of
a technical innovation so as to take into account the simple or compound
interest on capital outlays.

In the first case the generalized formula is introduced under the following
conditions: settlement (repayment) of the capitalized amount AKj in equal
installments over the period ts; annual charge of simple interest on 0Ky at
the rate of Yey « 100. Applying the condition of equality of imputed costs
and setting Ry = 1/tj, we can write:

AEj = AZp/ (R4 + Yey). 5"

As the length of the period covered by the computation increases, the pa-
rameter Ry = 0, and at the limit formula (5") passes over into formula
(4"). At the intermediate values 1 > Ry > 0 formula (5") expresses the
capitalized benefit over the anticipated period of use of the technical in-
novation, including a new production process.

In the second case the generalized formula of the saving on capital invest-
ments is introduced under the following conditions: successive application
of the capital investments Kj at the time intervals tj over the entire pe-
riod of application of the technology tj = njtj; augmentation by Ye - 100
percent of the calculated value of the quantity Ki over tj years according
to the formula of compound interest on capital outlays:
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Ke = Ki(1 + Ye)t-1,

The sum of capital investments assigned to the first year Ky over the pe-
riod ti is determined as the sum of the terms of a geometric progression
whose Tirst term is Ki, whose common ratio is q = 1/(1 + Ye)t1 and the num-
ber of whose terms is ny:

_ Y=ni-l
) K= )  Ki/Q + Ye)¥(ti-1), (6™
P=1

From the formula for the sum of a series of this kind we get:

Ky = Ky ([q™ - 1)/[q%t - 1]) = k(L1 + Ye)™®1 - 1)/((1 + Ye)titi])
"
[+ Ye)'f - 11/Q1 + Ye) 1.

If we now introduce the parameter proposed by the Soviet scientist Lur'ye:
pr = Ye/([1l + Yelt - 1), 8"

then the formula for reducing a successive series of capital investments Kj
over the period tj to the first year takes the following simplified form:

Ky = Ki(lpgy +Yel/lppgey + Yel). (9"

- The generalized formula of the saving on capital investments by virtue of
use of new technology with the value Ts, over the period tj = mjty = n,t,
instead of a units of the base techmology with a total value aTs; can also
be formed by means of formula (9"). Moreover, for direct operating costs
1l in the technology's sphere of application we need to take p; = 1 in con-
nection with the value t = 1, and for accompanying capital investments we
take the value of p; on the basis of the specific replacement periods for
each of them and the number of terms in the series for the condition tj =

nltj.

As a result the formula of the saving on capital investments at compound
{nterest can be written analogously to (5") in the following form:

MKy = AZp/(py + Ye) = (als[p, + Ye] + p1l[1 + Ye] + £,K! [p) + Ye] -
(10")
LKL, [p" + Ye] - Tsylp, + Yel)/(pj + Ye).
Here the sums I, and I, pertain to the accompanying capital investments in
application of the new and base technology, respectively. The formulas
(5") and (10") for calculation at simple or compound interest with corre-

sponding value of the numerator can be expressed by a single summary for-
mula of the saving on capital investments:
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§Ky = 6Z/(Rg + Yeg). (11"

The summary formula (11") of the saving on capital investments Sij in the
modifications indicated (5") and (10") is a characteristic of capitaliza-
tion (reduced to the first year) of regular one-time and current outlays
over the period to come. It can characterize the benefit from application
not only of new implements and subjects of labor, but also of a new manu-
facturing process for various practical purposes of economic planning,
project planning, price setting and stimulation of scientific~technical
progress. This means that the quantity 8K4 can be taken intc account in
the form of the characteristics noted above.

a) At Ry = py = 0 (that is, at tj + »)--as a criterion of the efficiency of
the new technology and manufacturing process, since their impact on the
economic efficiency of production is not restricted to the period in which
the specific unit of the means of labor operates. On the contrary, as we
know, any implement of labor, once it is created and applied, takes on the
character of a beneficial force of nature, since it can be continuously re-
produced thereafter. The same applies to any other type of technical inno-
vation which society adopts to equip physical production. We are thus
talking about the economic benefit of raising the technical level of manu-
facturing processes as a constantly operative factor influencing the dy-
namics of the national income. This does not mean that in actuality there
will be only a simple reproduction of the new technology, but the benefit
from future application of its newer forms must be calculated from the
level obtained by the new technology under consideration.

The method of capitalization of imputed costs which was used in forming the
modifications (5") and (10") of the summary formula makes it possible to
state additional arguments concerning the relationship between the coeffi-
clents Ye and YeN. To be specific, the question arises: Are they identi-
cal or different? The Method offers what we believe to be the correct in-
struction of taking Ye < Yey. But the opinions of various authors continue
to differ.

Yet a condition of the correct relationship between Yey and Ye is the re-
quirement of the equality of the sum of capital investments over the period
tj - » reduced to the first year regardless of the method of reduction--
using simple or compound interest. This equality is a legitimate require-
- ment 8o long as the quantities K{ and the intervals ti are taken as abso-
: lutely identical in both methods of computation and are written as follows:

K{([Ry + Yenl/[Rj + Yey]) + Ki(lpg + Ye]/[pj + Yel), if ty > .

At the 1limit, then, this equality must hold: (Ry + Yey)/Yey = (pi + Ye)/Ye,
and consequently Ye/Yey = p4/Ry.

- The parameter pj, as Lur'ye established, shows what portion of Ki must annually
be charged to the replacement fund if these deductions are to be used on the
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basis of compound interest to accumulate (repay) the sum Ki by the end of
the period tiy. Which means that pj < Ry = 1/ty, and the standard used for
conversion of capital investments made at different times Ye should be
taken in economic calculations lower than the standard efficiency coeffi-
clent of capital investments Yey.

b) At Rj = R, (or py = p,)--the quantity 8K, is the addition ATs; to the
cost of production of the new implement of labor, whose dimensionality is
that of the price, since it follows from the structure of the summary for-
mula that this addition is repaid over the service life of the implement of
labor t, = 1/Rs and charges at the rates Yey or Ye are annually made for it.

We believe that formula (4) of the Method, under the assumption indicated
above of the equality of Z = Ts, is a special case of application of for-
mula (5"), and consequently, the annual economic benefit determined with
it also has the dimensionality of the price.

_ Yet it is well known that a change in the price (estimated cost) of means
of production for manufacturing purposes, just like a change in the produc-
tion cost of the product manufactured with them, cannot in and of them-

- gelves serve as a criterion of the economic efficiency of new technology.
We should take into account both these factors in the form of the change of
the imputed costs (3") or the abstract capital investments (4").

= The Method envisages that as the calculations are made more precise, the
parameters R; and Ry in the formula (4) are to be taken from the data of
Appendix 2, that is, are to be replaced by p; and p, from formula (8").

But on the basis of formula (10"), when tj = t,, we become convinced that
even in the special case when there is a change only in the service life
of the technology, in addition to replacement of the parameters R by p,
there must at the same time be a substitution of the rate of reduction of
outlays at different times Ye = 0.1 for the rate of efficiency of capital
investments Yey = 0.15.

In the more general case when the accompanying outlays are also changing,
the error as compared to formula (10") increases still more, and thus for-

- mal substitution of the parameters R, and R, does not at all signify that
one has thereby made the results of the computation more precise. Even
when Yey = Ye, which even the Method itself does not allow, it does not
follow that one should determine the sum of replacement deductions for the
new and base technology at compound interest, and those for other jointly
used (accompanying) machines--at simple interest.

c) At 0 < Py < P2 (or 0 < Py < py) [sic]--the value GKJ- can be taken into

account (for example, to encourage applied scientific research) as an esti-
- mate of the capitalized benefit from application of the new technology over
the forecast period of its use (operation) tp = 1/Tp, if it is longer than
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1 year (for a new process and subjects of labor) or exceeds the physical
service life of equipment (for new machines--motors that wear out rapidly,
for example).

3. For economic substantiation of a unified technical policy on the scale
of the national economy, for commensurate remuneration of enterprises, sci-
entific-production associations and inventors for creation and application
of new technology, and also for correct estimation of the actual dynamics
of the national income, it would be advisable if in the system of the USSR
Central Statistical Administration the formulas for determining the effi-
ciency oi various types of new technology and manufacturing processes were
. economically compatible. An analysis of the summary formula of the economy
- on capital investments (11") shows that calculations based on the index of
the annual economic benefit do not meet this requirement.

It can be shown by the simplest substitutions that if the annual economic
benefit from use of implements of labor in one industry even exceeds the
size of the benefit from application of new subjects of labor or manufac-
turing processes in other industries, it still by no means follows that the
first of these directions of technical progress and utilization of capital
investments is preferable. After all, in this version the economic gain is
estimated over a number of years of the new technology's application, while
in the other cases it is estimated over only 1 year. The indicators of the
benefit from use of implements of labor themselves are also incompatible

- when thelr service life differs.

Nor is a unity of approach assured in evaluating the economic contribution
of enterprises creating new technology. As a matter of fact, cases are
possible when an increase in the service life of equipment is by no means
a merit of the enterprise or scientific-production association, but is at-
tained only by applying a more durable material in the comstruction. Nev-
ertheless the initial indicator for assigning the award on the basis of the
annual benefit increases in accordance with the length of the service life
- of the instruments of labor.

In statistical records of the actual growth of the national income in a
given year as compared to previous years, a distorted picture may be ob-
tained on the basis of the sum of increments of annual economic benefits,
since the benefit from application of new machines has already been re-
corded in advance over a number of years. To sum up the annual econmomic
benefits in reports for the given year in the industry or the national
economy as a whole means summing up figures which pertain to different ac-
counting periods.

In connection with what we have said the indicators of the annual economic
benefit pertaining to the production of new machines, equipment, instru-
ments and other forms of durable new technology are not in our opinion

identical to economically compatible indicators of the actual efficiency of
new technology, which should be evaluated on the basis of the final result

37

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300060012-9



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300060012-9

N,

FOR OFFICIAL USE ONLY

in the sphere of application. At the same time it 1is high time to make the
transition from economic computations on the basis of simplified imputed
costs as a function of only two factors (production cost and specific capi-
tal investments) to use of the multifactor formula of imputed costs by mak-
ing changes in production cost commensurable with the growth not only of
capital investments, but also labor expenditures and expenditure of the
most important types of natural resources.

It seems to us advisable for the remarks we have made and the theoretical
considerations related to them to be taken into account in drafting the
principles for determining the economic efficiency of new technology, capi-
tal investments and price setting.
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